A novel distributed wireless measurement system, which is consisted of a base station, wireless intelligent sensors and relay nodes etc, is established by combining of Bluetooth-based wireless transmission, virtual instrument, intelligent sensor, and network. The intelligent sensors mounted on the equipments to be measured acquire various parameters and the Bluetooth relay nodes get the acquired data modulated and sent to the base station, where data analysis and processing are done so that the operational condition of the equipment can be evaluated. The establishment of the distributed measurement system is discussed with a measurement flow chart for the distributed measurement system based on Bluetooth technology, and the advantages and disadvantages of the system are analyzed at the end of the paper and the measurement system has successfully been used in Daqing oilfield, China for measurement of parameters, such as temperature, flow rate and oil pressure at an electromotor-pump unit.
Introduction
Measurement technologies have wide applications in every walk of life. A traditional testing scheme is usually as follows: purchasing expensive measurement equipment, fixing a large number of sensors at the measurement site, and connecting all the measurement equipment and sensors with cables. The measurement equipment acquires local data through sensors, and the acquired data is processed in measurement equipment. Therefore, the cables connecting the equipment keep the equipment relatively immobilized and it is difficult to expand the work scope and plenty of connections among equipment, such as sensors, measurement equipment, even control network, have to be specially built up, and removed after use; If you want to bring in new equipment, a new test set has to be built up, which is troublesome for system administration, and cables often cause industrial accidents such as short circuit and fire.
Traditional testing technology is obviously inferior to virtual instrument and Bluetooth wireless transmission. At present, some similar products are available outside China. For example, TESCON is now supplying wireless measurement systems based on Bluetooth to test noise and vibration and NI is offering portable wireless logger based on Bluetooth for vibration signals. By combining Bluetooth-based wireless transmission, virtual instrument, intelligent sensor, and network, a novel distributed wireless measurement system is established. The paper presents the principle of the system first and then describes the elements and software system of every Bluetooth device in the system, the network configuration of the distributed system, and the measurement flow of the whole system, and finally explains the application of the measurement system for measurement of parameters at an electromotor-pump unit in Daqing oilfield, China [1] . figure 1 is a compact and convenient wireless measurement system, which consists of a base station, distributed wireless intelligent sensors, relay node network, local station and remote station, etc. The principle of the system is as follows: the intelligent sensors fixed on the equipment to be measured start data acquisition as soon as it receives a command from the base station, and the Bluetooth module gets the acquired data modulated and sent to the base station, where data analysis and processing are done so that the operational condition of the equipment can be evaluated. The test data can be shared not only over the intranet of the enterprise, but also over the internet with the help of internet gate to make remote measurement of equipment parameters possible.
System configuration Shown in

Main components of system
The system is mainly consists of a base station, a relay node network, and intelligent sensors. The base station includes a virtual instrument repertory built in a personal computer for parameters measurement. Bluetooth module communicates with PC via USB interface, meanwhile, the base station keep an interface for external devices such as a printer in to output results [2] . The architecture of the base station is as shown in figure 2. For design and development, we chose EDBK [3] (Ericsson Bluetooth Development Kits) as the Bluetooth module, which includes a flexible design environment, an independent (1CPU) and host-based (2CPU) application, voice and data supports, and HCI command interface of USB/RS232(UART) PCM and I 2 C. The architecture of the base station is shown in figure 2 . The software model of base station adopts an inquilinous configuration and L2CAP, RFCOMM, SDP protocol and application software are all actualized in virtual instrument [4] while the lower layers of Bluetooth protocol, such as radio, base band, LM and LC are all actualized in EBDK. The base station controls the Bluetooth module with the help of HCI command [5] , which provides a uniform command interface for accessing base band commands link manager commands, hardware status registers, control registers, and event registers [1] . The base station receives various parameter data coming from intelligent sensors with the help of EBDK, and accomplishes data processing and analysis, and finishes storing, displaying and printing. All the Bluetooth protocol layers are in the Bluetooth module, and the user software runs in MCU. As soon as the sensor is electrified, it goes through an initialization process, and then waits for command. If sensor receives a command, it commentates and executes the command [6] . The chief commands and its corresponding processes are discussed in section 2.2 and 3. After all of that, the sensor stays in a breathing energy-saving mode. The Bluetooth is effective in about 10 meters and so it is necessary to add relay nodes to expand its work scope and then the base station accesses the sensors through the relay nodes. The architecture of relay node shown in figure 4 is very simple, and its hardware choice and software configuration are the same as those for the sensor. 
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The sensor and relay node work as a self-contained device to acquire power from its own battery. The power application management can enable the Bluetooth device to stay in the breathing energy-saving mode for a long period of time, and so, it is not necessary to cut off the power supply to the equipment. On the other hand, it is not necessary to consider power management to increase the software complexity, because the Bluetooth module can be fed from PC.
System network configuration
The wireless distributed measurement system can be automatically configured with the base station, intelligent sensors and relay nodes. Because of the master and slaver relationship among Bluetooth devices, it is appropriate to use a tree structure network [7 8 ] shown in figure 6(a). In the process of network configuration, the base station is the master node of all the other Bluetooth devices, while the sensors are the slaver nodes, and the relay nodes are the master-slaver nodes i.e. that they are slaver nodes one moment and master nodes the next.
The network configuration command is sent from the base station. The base station and the nearby relay nodes inquire about their nearby devices to make sure all the sensors can be found and all the sensors access the base station by taking a shortcut to improve the translation efficiency. The system network configuration process is as shown in figure 5 . (2) The base station inquires about nearby Bluetooth devices and exchanges data packets. The base station records the messages from Bluetooth devices, such as address, time, types device (relay node or sensor) etc, and finally, Bluetooth devices are named after that.
(3) The base station counts the number of sensors which are found up to that moment. If the number of sensors m is smaller than the number of all the sensors N, the base station orders relay nodes which have been found to inquire about nearby Bluetooth devices and then go to step 4, or step 5.
(4) The relay mode which have been found inquire about and connect the nearby Bluetooth devices and then exchanges data packets, and obtain the messages about Bluetooth devices such as address, time, device types. Meanwhile, the relay nodes enquire about whether their slaver nodes are the slaver nodes of other slaver nodes. If the answer is yes, delete the message of the slaver node, or record the message of slaver node and name for it. The relay nodes send these messages to their master nodes and their master nodes send the message to their master nodes until the base station receives the message, and then, go to step 3.
(5) The sensors and relay nodes are all set in the sniff mode. At the end of step 5 above, the network Bluetooth devices configuration is finished. At this time, the base station knows very well how to access every sensor by which relay nodes, and relay node know who the master node is, who the slaver nodes are, and how to communicate with them. The sensors only know who their master nodes are.
Some devices may leave and some devices may come in after the distributed network is set up. The sensors and relay nodes periodically inquire their nearby Bluetooth devices to make sure whether the network configuration has been changed. The intelligent sensors periodically inquire their master nodes about their existence, and if yes, the sensor stays in the breathing energy-saving mode; otherwise they inquire their nearby relay nodes and turn themselves into the slaver nodes of the relay nodes and they send modified message to their master node so that the base station knows the network configuration has been changed. The relay node ask their nearby Bluetooth devices about if a new Bluetooth device has comes into the network and the nodes record the message of the devices send the message to the base station and then, the relay nodes name the new device. If the master node disappears, the relay node plays the same role as a sensor. If the slaver node disappears, it sends the device message to base station to report the change in the network.
In the network configuration process, the master node names its slaver node like this: if the network configuration is shown in the figure 6(a) , we can transform the tree configuration in the figure 6(a) into the Binary tree configuration shown in figure 6(b) , where, 1 stands for base station, 2, 3, 4 stand for relay nodes, 5, 6, 7, 8, 9 stand for sensors and the relationship among the devices is as shown in Table 1 . According to the characteristics of the Binary tree, the master node names its first slaver node by adding 0 after its name and other slaver nodes by adding 1 after the name of the previous slaver node. 
Measurement flow of system
The following words set an example of the measurement is illustrated with an example that the base station wants to attain the local noise signal acquired with intelligent sensor 8.
(1) The base station checks and finds that the name of sensor 8 is 0110, and knows it can access sensor 8 via relay node 4(011) only.
(2) The base station sends a sampling command to relay 4 covering source device name, destination device, sampling frequency and magnitude of data, etc.
(3) Upon receipt of the command, relay node 4 enters the active mode, and sends back an OK message to acknowledge the receipt of the command, and according to the name of destination device (0110), relay node 4 sends a sampling command to sensor 8.
(4) Upon receipt of the message from the master node, sensor 8 enters the active mode, and returns an OK message, and interprets the command and deploys the inside devices to work, and finally sends the noise signals acquisition command including source device name (0110), destination device name (-1), magnitude data and data address to its master node relay node 4.
(5) Upon receipt of the data package, relay node 4 returns an OK message immediately, and sends the data package to its master node base station.
(6) Upon receipt of the data package, the base station returns an OK message, and reads the data in the package and then analyses, processes, displays the noise signals and after that, the base station sends back an ACK message covering source device name (-1), destination device name (0110) to acknowledge the successful receipt of the data package.
(7) Upon receipt of the ACK message, relay node 4 returns an OK message and sends ACK message to sensor 8.
(8) Upon receipt of the ACK message, sensor 8 knows that base station has received data package and returns an OK message immediately, after that, sensors8 and relay node 4 enter the sniff mode.
In the measurement process, ACK and OK messages are related to the ARQ mode of Bluetooth. A node checks the packet which comes from the other one with CRC first, if the packet is wrong, bit ARQN in the header of packet is set to 0, the node returns a NO message, and it require that the source node transmits the last package again; if the package is right, bit ARQN is set to 1 and the Bluetooth device returns an OK message. The base station sends an ACK message to the sensor when the base station successfully receives the sample data coming from the sensor.
The whole sampling process finishes at the end of the 8 steps above. The data measurement flow is shown in figure 7 . The numbers at the end of data package indicates the data flow sequence. 
Experiment and results
This system has been successfully used at a petroleum depository in Daqing oilfield, China for measurement of the performance parameters of electromotor-pump units. The petroleum depository has five machines working at the same time, and the model of the electromotor is JSQ158-4, with a power of 680kW, operating voltage of 6000V, and a pump number of 250D11-600X6, discharge head of 360m and a flow rate of 450m 3 /h. We fixed the wireless temperature sensors at the import and export of the pump, the front and back bearings of the pump, and the front bearing of the electromotor, and installed wireless pressure sensors at the import and export of the pump. In addition, we assigned a relay node to each unit. The base station accesses the local sensors through the relay nodes and acquires measurement on temperature and pressure parameters from each unit. The monitor interface is the visual interface to display, and then the parameters coming from the working units are clearly shown in figure 8 . This system can simultaneously obtain important parameters of the pump such as flow rate and volumetric efficiency through curve fitting and linear-interpolation of the pump's characteristic curves measured by the technical supervision department of Daqing [9] . Table 2 shows the real test results of various parameters for every unit. It can be seen in table 2, that the volumetric efficiency of the pump is related to the pressure the other way round and meets the basic pump operating rule. 
Conclusions
In comparison with traditional measurement, the system proposed in the paper has the following advantages: low-cost measurement device convenient functional expansion and upgrading easy installation and cable connection and easy management of devices although it has disadvantages, such as comparatively long connection time, comparatively low transmission rate of data, the same frequency disturbance and response delay, limited band of frequency, high requirement for battery, which needs further improvement in transmission rate and efficiency.
